This paper discusses the history of hours of service regulations for U.S. motor carriers and investigates the changes to individual carrier profitability and productivity from the last major change to those regulations in 2003. The results of the analysis indicate that operating ratio worsened and sales per employee improved, and return on assets and return on equity were unchanged due to hours of service changes. The implications of these results given the recent changes to hours of service regulations in 2011 are also discussed.
INTRODUCTION
With the major change to the Federal Motor Carrier Administration (FMCSA) Hours of Service regulations announced in December 2011 (HOS, 2011) , there has been increased interest in how this will impact motor carriers. Prior to the publication of the final rule, several studies regarding highway safety and the health of truck drivers were published (Hall and Mukherjee, 2008; Jovanis et al., 2005; Min, 2009; Saltzman and Belzer, 2002) , but little or no research has been conducted on the impact of HOS on the profitability and productivity of individual firms. The Regulatory Impact Analysis (FMCSA, 2010) includes an estimate of the cost of reduced productivity at the macro level but not at the firm level. The estimates used to calculate reduced productivity were also called into question in a paper prepared for the American Trucking Association by Edgeworth Economics (2011) . Due to the questions about research on the impact of HOS on costs and productivity at the macro level, and a lack of research at the firm level; this paper will investigate the impact of changes to HOS at the firm level, which may also add some insight into the macro-economic impact of these changes.
The last major change to HOS occurred in 2003 and went into effect in January of 2004. The 2003 HOS reduced the allowable on-duty time per work/rest cycle 1 by one hour, increased the allowable driving time per work/rest cycle by one hour, and decreased the on-duty and work time per day by two hours. However, with the addition of the 34 hour restart 2 , the maximum on-duty and driving time per week were increased by 14 and 7 hours and the maximum long-term average on-duty and driving hours were increased by approximately 21 and 14 hours. These dramatic changes led to a period of uncertainty concerning the future of HOS with multiple law suits, court actions, and acts of Congress, which resulted in the issuance of the 2011 HOS.
Before the final 2011 HOS were publicized, there was discussion about decreasing the onduty and driving hours per work/rest cycle by one to two hours, but the final rule retained the 14 hour on duty and 11 hour driving limits per work/rest cycle from the 2003 HOS. The most significant change to the 2011 HOS is the requirement of a minimum 30 minute break after 8 hours of driving and severely limiting the use of the 34 hour restart. Under the new rule, the 34 hour restart can only be used once per week (168 hours) and must include two time periods between 1:00 am and 5:00 am. The once per week restriction is intended to allow a driver to work one long week but force him to follow that with a short week, and the 1:00 am through 5:00 am restriction is intended to allow night drivers two periods of night rest to recover (FMCSA, 2011) . While these changes will not impact the maximum daily or weekly driving or on-duty times, they will restrict the maximum average weekly driving and on-duty times to a point halfway between those allowed under the 1962 HOS and the 2003 HOS. Therefore looking at the impact of the 2003 HOS changes to motor carrier profitability and productivity should give some insight into the impact of the 2011 HOS on motor carriers. This paper investigates the actual impact of the last major change to the HOS on profitability and productivity of publicly traded motor carriers. Quarterly data from 1997-2010 for 14 publicly traded motor carriers was used. To see the impact on profitability, Operating Ratio (OR) and Return on Assets (ROA) were dependent variables in two separate models. The variable of interest was a dummy variable with a value of zero for the time periods before the change to HOS (1997 HOS ( -2003 and a value of one for the time periods after the change (2004) (2005) (2006) (2007) (2008) (2009) (2010) . Various control variables were also included to account for economic and regulatory changes that took place in the sample period. To see the impact on productivity, a similar model was tested with sales per employee as the dependent variable. Results of the estimations indicate that the 2004 HOS led to better productivity, a worse OR, and no significant change to ROA. These results would suggest that the 2011 HOS will potentially negatively impact productivity and positively impact profitability.
HISTORY OF HOURS OF SERVICE RULES
HOS were first proposed by the ICC in 1936 and went into effect in July of 1938. These rules allowed for 15 hours on-duty and 12 hours of work per day, which could all be driving or could also include other tasks such as loading, unloading, and completing paperwork. Drivers were also required to have at least 9 hours off duty each day. A limit of 60 hours on-duty in 7 days or 70 hours on-duty in 8 days was also instated. These rules resulted in protests from both organized labor and some motor carriers, so in early 1939 revised rules went into effect. These new rules reduced the required off duty time to 8 hours per day and implemented a 10 hour driving limit per day instead of the previous 12 hours of work per day. The next change came in 1962 when, for unexplained reasons, the ICC changed the rule to allow for a maximum driving time of 10 hours and on duty time of 15 hours, which could be extended to 16 hours with breaks, after 8 hours off duty, so maximum on duty and driving time per day became maximums per work/rest cycle. This change allowed drivers up to 16 hours of driving and on-duty time per day (FMCSA, 2000) . The 1962 hours of service regulations increased the maximum driving time per day, but the retention of the weekly limits kept maximum and average weekly driving times the same. A driver could simply reach his 8 day on-duty limit in 5 days rather than 7 days, allowing for greater flexibility in scheduling. (Jones, 2007; Munroe, 2009; Public Citizen, 2012) .
As part of a settlement between FMCSA, the Teamsters Union, Public Citizen and several safety groups, FMCSA agreed to revise the HOS taking into account drivers' health and safety. The proposed 2011 HOS were released in December 2010, and the final rule was released in December 2011. The compliance date for the on-duty time and egregious violation definitions and oil field exemption 3 was February 27, 2012, and all other provisions had a compliance date of July 1, 2013. These new rules maintain a maximum 11 hours of driving time but require a 30 minute break after 8 hours of driving. The maximum on-duty time remains at 14 hours but is effectively reduced to 13.5 with the required break, unless the break is incorporated with the split sleeper berth provision. Limitations to the 34 hour restart will require that it include two periods between 1:00 am and 5:00 am and can only be used once every 7 days or 168 hours. Finally, the definition of on-duty time has been modified to not include any time resting in a parked vehicle (this could include detention time) or up to two hours in a passenger seat of a moving vehicle following 8 hours in the sleeper berth (FMCSA, 2011) . Following the publication of the final 2011 HOS, the American Trucking Association filed a petition with a federal court asking the court to review the 2011 HOS in February 2012 and filed an issue statement in March 2012. The primary issues identified are with the limitation to the 34 hour restart and the inclusion of a mandatory 30 minute break following 8 hours on-duty (McNally, 2012a; McNally, 2012b) .
To help clarify the differences between the different HOS that have been in place over the last 74 years, Table 1 summarizes the HOS from 1938 -2011. This table identifies the maximum driving and on duty time per sleep/work cycle and the potential maximum driving and on-duty time per 24 hour period. In addition the maximum driving and on-duty time possible in a single week as well as the potential maximum average driving and on-duty time is included in Table 1 . These figures are based on a driver either driving the maximum allowable time, taking the minimum off duty time, and resuming driving or being on-duty the maximum allowable time, taking the minimum off duty time, and resuming driving. As shown in Table  1 
ECONOMETRIC MODEL
For this study, three separate models were developed to address the impact of the 2003 HOS on motor carrier profitability as measured by operating ratio (OR), return on assets (ROA), and return on equity (ROE). A fourth model was developed to look at the impact on productivity as measured by sales per employee (SPE). All four models used the same independent variables. The variable of interest, PHOS, is a dummy variable indicating whether an observation was taken after the 2003 HOS, which went into effect in January of 2004. The impact of this regulation is difficult to predict in advance because, depending on the practices of a particular firm, the maximum driving time per day would have either been increased by 1 hour (maximum time per duty cycle) or decreased by 2 hours (maximum time per day) and on-duty time was decreased by 1 hour (maximum time per duty cycle) or 2 hours (maximum time per day). In addition to the HOS that went into effect in 2004, two other types of regulations, Ultra Low Sulfur Diesel (ULSD) requirements and stricter emissions standards, likely had impacts on motor carrier revenues and profitability and went into effect between 2004 and 2010.
ULSD was phased in between 2006 and 2010 with all 2007 and newer vehicles required to only run on ULSD. This change had an impact on the price of diesel and on the price of tractors which had to be modified in order to run with the lower lubricity of ULSD. To incorporate additional operating cost from this change into Before the addition of the 34 hour restart the maximum time a driver could work was 60 hours in 7 days or 70 hours in 8 days (for a carrier operating 7 days per week). However, it was allowable to accumulate all 70 hours within 7 days or less and take time off duty for the remainder of the 8 days. However, the maximum average work hours per week was restricted by the 8 day driving limit to 61.25.
2 With the addition of the 34 hour restart in 2003, it would be allowable for a driver to accumulate 66 hours of driving time in 5 days, take a 34 hour break, and accumulate an additional 11 hours of driving time before week's end for a total of 77 hours in 7 days (assuming no other on-duty time). Furthermore, the maximum average long run average driving hours per week was 73.92 hours. A driver with 14 hours of on-duty time every cycle could accumulate up to 84 hours of on-duty time in a single week (66 hours of driving time) with a maximum average weekly on-duty time of 81.67 hours.
3 With the limitations to the 34 hour restart in 2011, a driver would be able to maximize daily drive time by incorporating the mandatory 30 minute break into the 2 hour portion of their split sleeper berth time. In a single day a driver could drive 8 hours, take two hours off duty, drive 3 hours, take 8 hours off duty in the sleeper berth, and drive an additional 3 hours (a driver not using the split sleeper berth provision could drive a maximum of 13.5 hours in a single day). Continuing the pattern of drive 8, rest 2, drive 3, rest 8 through 66 hours of driving time, using the 34 hour reset and continuing the pattern again would allow for a maximum of 77 hours of driving time in a single week, but would be required to take additional time off the following week for an average of 66 hours of driving time per week. A driver using 14 hours of on-duty time every cycle and a similar strategy could work a maximum of 84 hours in a single week but would be limited to 56 hours the following week for an average of 70 hours on-duty time per week. These maximum weekly and average weekly driving and on-duty times would be the same for a driver not using the split sleeper berth provision and would generally include a longer week followed by a shorter week. the model, the percentage change in average diesel price from the previous quarter or change in diesel price (CDP) was used as an independent variable. The average diesel price may not be the same for all carriers, but the percent increase or decrease should be similar for all carriers operating in all different parts of the country. Additionally the average diesel price exhibited a high level of autocorrelation.
34-hour
Stricter emissions standards were implemented for 2004 and newer vehicles, and then even stricter emissions standards were implemented for 2007 and newer vehicles and phased in through 2010. Due to the language of the law, there were modest increases in new vehicle prices in 2004 and 2007 followed by large increases in 2010. To incorporate this information into the model, the average percent change in new tractor price (CTP) was included as an independent variable. While it would be preferable to obtain the actual price per tractor from each carrier, that information was unavailable, however, tractors are sold in a competitive environment, so the average price increase or decrease should be correlated with each individual carrier's cost of equipment. As with average diesel price, average tractor price exhibited a high level of autocorrelation, so percentage change was used in the model.
To control for general economic conditions, the percentage change in Gross Domestic Product (GDPD) for the services sector was included in the model as well as a dummy variable for any quarter that had a month classified as recession (REC). To control for the different business environments less-than-truckload (LTL) and truckload carriers operate in and the different business environments between unionized and non-unionized carriers, dummy variables were included for LTL and unionized carriers (UC). Finally, dummy variables were included for the four quarters of the year. Manufacturing shipments were considered as an independent variable, but that measure was highly correlated with the quarter of the year (Q 1 -Q 4 ), and a better fit to the data was obtained by using the quarterly dummy variables. Firm specific dummy variables were not included in the models as indicated by a Hausman Test for random effects.
Putting these variables together resulted in the following four equations to be estimated:
MODEL DATA
For this analysis, quarterly data for 14 out of 17 publicly traded motor carriers with data available from 1997-2010 was used, resulting in 56 observations per carrier and a total of 784 observations. The years 1997-2010 were chosen, so there would be an even number of observations on each side of the 2003 HOS. Landstar was excluded because it is a non-asset based carrier, and therefore, operates in a somewhat different business environment. UPS Freight and FedEx Freight were also excluded because their SEC filings don't separate out the LTL portion of their business from the express, small package, and other portions of their business. Furthermore, YRC Worldwide was excluded from the estimation of Equation 3 due to the company's negative equity in Q2-Q3 2009 and Q1-Q4 2010. Table 2 lists the 14 carriers included in the sample as well as whether they were LTL carriers or unionized (UC). For purposes of the analysis, any carrier with a significant portion of their business coming from LTL business was considered LTL because they would have made the significant capital investment in terminals required of LTL carriers. 
ANALYSIS AND RESULTS
The final four models were estimated using SHAZAM econometric software with the POOL command. This is a generalized least squares (GLS) estimator that assumes and corrects for heteroskedasticity and autocorrelation within cross sections, different values of rho for each cross section, and correlation between error terms from different cross sections. Initial testing performed by SHAZAM (Whistler et al., 20011) indicated that these assumptions were justified.
The results of the analysis are summarized in Table 4 . The first R 2 reported in Table 4 is based on the residuals from the Best Linear Unbiased Predictor (BLUP), which uses the coefficients on the untransformed variables to predict but then adjusts that prediction using the residual from the previous period multiplied by rho for the particular firm in question. The second R 2 reported is based on a method described by Buse (1973) as an appropriate R 2 to use for GLS estimation. These goodness of fit measures show that Equations 1 and 3 were most effective for prediction and Equation 2 explained little of the variance in return on equity.
The most interesting result of Equation 1 was that the operating ratio for the firms in question actually worsened after the 2003 HOS, indicating that despite the fact that drivers could accumulate more driving or on-duty hours in a day or week, many of the carriers were not able to decrease their expenses relative to revenue. This appears to be the case even after accounting for tractor and diesel prices, economic growth, and recessions. The other results of Equation 1 were much as expected: an increase in equipment or fuel prices leads to a worse OR, an increase in GDP leads to a better OR, a recession leads to a worse OR, and LTL carriers and unionized carriers experience higher costs than TL or non-unionized carriers.
The estimated coefficients of Equation 2 and Equation 3 reveal that the 2003 HOS changes, tractor prices, and diesel prices have no significant impact on ROA or ROE; however, the signs of the estimated coefficients are negative, consistent with the results of Equation 1. It seems that any increased expenses or decreased revenue contributing to the higher OR are able to be accounted for by reducing assets and equity or exploiting some source of profit other than from operations. Furthermore, Equation 2 shows that LTL carriers may be able to actually achieve a slightly higher ROA than TL carriers (the sign is positive but only significant at the 0.10 level), and unionized carriers tend to have a lower ROA than non- Diesel price increases have a slight impact on SPE likely due to the increase in revenues from higher fuel surcharges. GDP changes seem to have no impact on productivity, but it may be slightly higher during a recession (significant at the 0.10 level). Finally, LTL and unionized carriers tend to have higher sales per employee, most likely because of the higher prices charged to customers. These higher prices are apparently not enough to cover the additional expenses from higher capital expenses for LTL carriers and higher wages for unionized carriers because Equation 1 reveals a higher OR for LTL than for TL carriers and a higher OR for unionized carriers than for non-unionized carriers.
CONCLUSIONS
The results of this study indicate that despite motor carriers being able to increase their sales per employee after the 2003 HOS, they were unable to improve or even maintain their operating ratios. However, they were able to maintain, but not increase, profitability as measured by ROA and ROE, possibly due to a reduced need for capital investments in tractors and terminals resulting from this increased productivity. Whatever the reason for this lack of impact to ROA and ROE, it shows that publicly traded motor carriers are flexible enough to maintain these measures of profitability despite changes to federal regulations.
The applicability of these results to the impact on carriers from the 2011 HOS is somewhat unclear, but one would expect to see somewhat of a reversal due to the newly added restrictions to the 34-hour restart provision. This is based on a survey by McCartt et al. (2008) (FMCSA, 2011) . If this does occur, carriers could expect to see minimal changes to productivity and operating ratio and should be able to maintain their ROA and ROE if the same pattern is followed. The results also indicate that carriers could expect to see minimal changes to ROA or ROE from the 2011 HOS as written and a decrease to both operating ratio and sales per employee. However, it remains to be decided in court whether the 2011 HOS will stand as written or be revised yet again.
LIMITATIONS AND FUTURE RESEARCH
The most obvious limitation of this research lies in the sample size and selection. Rather than taking a representative sample of carriers, a convenience sample of publicly traded carriers were used. In the case of the motor carrier industry the publicly traded carriers are also some of the largest, but they are also a rather small group. This limitation leads to the most obvious extension for future research: to conduct the same analysis using a larger, more representative sample. Of course, future research based on a larger sample would need to be based on case study or survey data due to the fact that financial statements are not publicly available for most motor carriers.
Further limitations of the study were the use of industry averages for the price of equipment and the price of fuel due to a lack of availability of firm specific values for these measures. Using case study or survey data for future research on this matter should alleviate this problem. Finally this study used sales per employee as a measure of productivity rather than sales per driver or sales per driver hour. While these measures may be highly correlated for many carriers, there is no way to know for sure without both variables. So the most significant limitations of this research lie in sample size and selection and variables used. All of these issues stem from data availability and could be alleviated by conducting further research using case study and/or survey data to get more specific variables and a larger, more representative sample.
ENDNOTES
1 One work/rest cycle would include the time from when a driver comes on duty until he is able to come on duty again. For a driver, driving as many hours as possible under the 2003 HOS, this is between 21 and 24 hours with up to 11 hours of driving, up to 14 hours on duty, and at least 10 hours of sleep.
2 A driver working every day is allowed a maximum of 70 hours on duty time in 8 days (192 hours), but taking 34 hours off duty allows a driver to reset the clock as if he had not worked at all in the last 192 hours.
